Claims 



1 . A method of modulating an immune system response to an antigen, the method 

comprising steps of: 

identifying an indivLBual who has been or will be exposed to an antigen; and 
administering to the individual, concurrently with exposure to the antigen, a composition 

comprising at least one factor selected from the group consisting of cytokines and inducing 

agents, which factor is selected to bias the individual's immune response to the antigen away 

from a Thl or Th2 response in a predetermined manner. 



2. The method of claim 1, wherein: 

the step of idpnti^ing copprises identifying an individual who is allergic to the antigen; 

and 



the step of atiministerini 
factor selected to bJas 



response. 



the step of \ 
Th2 response to the 



ing comprises administering a composition comprising at least one 
the individual's immune response to the antigen away from a Th2 



The method of claim 2, wherein: 

identifying comprises identifying an individual who has previously mounted a 
antigen. 



4. 



The method 



of claim 2, wherein: 
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the factor comprises a Thl stimulating cytokine. 



The method ob claim 2, wherein: 



the factor is sel^c(ed^x^m the group consisting of IL-12, IL-2, IL-18, IL-IB, fragments of 
IL-IB, IFNa, and IFNyI 



6. The method of cla\m 2, wherein: 

the factor comprise^a Th2 stimulating cytokine. 



The method of claim 2, wherein: 

the factor is selected fron\the group consisting of LPS, CD40, CD40 ligand, BCGs, 
oligonucleotides containing CpG lAotifs, TNFa, and microbial extracts. 
13 

14 8. The method of clairn 7, wherein: 

1 5 the microbial extractk are selected from the group consisting of any Staphylococcus 

16 aureus preparation heat killid Listeria, and modified cholera toxin. 

17 \ 

1 8 9. The method of claim 41 wherein: 

1 9 the step of administering comprises delivering the factor to the vicinity of T cells. 



20 




21 10. The method of claim 7, ^lerein: 



Express Mail No. FJ45S653983US 
April 9, 1999 



50 



DS 1.475632.1 



1 

2 
3 
4 
5 
6 
7 
8 
9 



'■I'U 

mo 
m4 



16 
17 
18 
19 



thetetep of administering comprises delivering the factor to the vicinity of a pAPC that 
will intemalfze and display antigen to T cells. 

1 1 . The method of claim 1 , further comprising a step of: 
administenng the antigen to the individual. 

12. The method of claim 1 1 , wherein: 

the step of administering the antigen comprises administering a crude antigen preparation. 

1 3 . The method of claW 1 1 , wherein: 

\ r 

the step of administ^ing the anti^^ comprises administering a substantially pure 
antigen. 

1 4. The method of claim 1 1 , Wherein: 
the antigen is a polypeptide antigen; and 

the step of administering the antigen comprises administering a gene encoding the 
antigen, so that the gene becomes expitessed within the individual. 

15. The method of claim 14, wherein: 
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the step of administering comprises administering at least one factor that is a protein, and 



aai 



flirther comprises dJ^livering the protein factor by administering to the individual a gene encoding 
that factor. \ 
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1 6. The method of claim 2, wherein: 

the steps of adnunistering the antigen and administering the composition are performed 
together and comprise administering a single nucleic acid construct including genes for antigen 
and protein factor. 

1 7. The method of clairn 4, wherein: 
the step of administei^ig the single nucleic acid construct comprises administering a 

construct in which the antigen cene/and protein factor gene are linked to one another so that a 



le/ana pr 



single fusion protein, containina b^th antigoi and protein factor, is encoded. 



18. The method of claim 2, wherein: 

the antigen gene and the factor gene are provided on separate nucleic acid molecules. 

1 9. The method of claim 2 or claim\ 1 8, wherein: 
the antigen gene and the factor gane are coordinately regulated. 
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20. The method of claim 1 wherein the factor is administered in association with a targeting 
agent. 



21 . The method of cl^im 1 1 wherein one or both of the antigen and the factor is encapsulated. 



22. The method of claim\l 1 ,^\^erein: 

the steps of administer5flgjhe''^ntigen and administering the composition are performed 
together and comprise administepng the antigen and composition in association with one 
another. 



23. The method of claim 22, wherein: 

the antigen and factor are adm^istered in association with a targeting agent. 



24. The method of claim 20 or claim 23, wherein: 

the targeting agent association occurs by means of an interaction selected from the group 
consisting of covalent bonds, hydropr^obic interactions, van der Waals interactions, and 
combinations thereof 



25. The method of claim 23, wherein: 

the targeting agent is selected f?^m th^group consisting of mannose receptor ligand and 
the Fc receptor ligand. 
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26. The method of claimJ9j^ wherein: 
the targeting agent comprises complement receptor ligand. 

27. The method o^ claim 23, wherein: 
the targeting a^nt comprises DEC205. 

28. The method ofclaim 23, wherein: 
the targeting agent\comprises a ligand that interacts with a receptor on an intracellular 

vesicle within a pAPC. 

29. The method ofclaim 2b, wher^: 

30. The method of claim 23, vmerein: 
the targeting agent comprises at least the Fc portion of an IgG molecule. 

3 1 . The method of claim 22, whereir 
the step of administering compris^ encapsulating the antigen and the factor together in a 

single encapsulation device. 

32. The method of claim 22, wherein: 
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the step of administering comprises encapsulating the antigen and the factor in separate 
encapsulation devices 

\ 

\ 

33. The method of cl^im 3 1 or 32, wherein: 

\ 

the step of administering the encapsulation device comprises associating the 
encapsulation device with la targeting agent. 

34. The method of claim B 3, wherein: 

the targeting agent is selected from the group consisting of mannose receptor ligand and 
the Fc receptor ligand. 




3 5 . The method of claim 3 3 , w^ 

the targeting agent comprised complement receptor ligand. 

36. The method of claim 33, whereii 

the targeting agent comprises DEC205. 



1 8 37. The method of claim 33, wherein: 

1 9 the targeting agent directs the composi^on to particular vesicles within pAPCs. 
20 

21 38. The method of claim 3 3 , wherein: 
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1 the targeting a^ent comprises at least the Fc portion of an Ig molecule. 

2 1 

3 39. The method of claim 33, wherein: 

4 the targeting agent comprises at least the Fc portion of an IgG molecule. 

5 I 

6 40. The method of claim 22, wherein: 

7 the step of administering comprises providing antigen and factor that are covalently 

8 linked to one another. \ 

9 \ 

10 41. The method of claim E2, wherein: 

1 1 the step of administering comprises providing antigen and factor that are associated with 

1 2 one another by means of an intarafction selept^ from the group consisting of hydrogen bonds: 

1 3 van der Waals interactions, hydrophoMc interactions, and combinations thereof. 

14 \ 

15 42. The method of claim 1 1 , wmerein: 

1 6 the step of administering the antigen comprises administering a modified antigen. 

17 \ 

18 43 . The method of claim 42, wherem: 

1 9 the modified antigen is substantially identical to a naturally-occurring antigen that 

20 contains at least one IgE binding site, but aiffers from that naturally-occurring antigen in that the 

21 modified antigen is missing at least one of tne IgE binding sites. 
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44. The method of claim 1 , wherein: 
the antigen comprises an autoantigen; 

the step of identifying an individual comprises identifying an individual who has 
mounted an undesirable auto-immune response against the antigen; and 

the factor is selected to bips the individual's immime response to the antigen away firom a 
Thl response. 

45. The method of claim 44, wherein 
the step of administering comprises administering a Th2 stimulating cytokine 

46. The method of claim 44, whereir 
the step of administering compris^ administering IL-4. 



47. The method of claim 45, wherein: 

the step of administering comprises d^i 

cells. 




4 to the vicinity of responding T 



48. The method of claim 44, wherein: 
the step of administering comprises administering one or more Th2 inducing agents 

49. The method of claim 44, wherein: 
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the step of administe^ng comprises administering an agent that induces IL-4 expression. 



50. A method of modulating an immune systeij/response to an antigen, the method 
comprising steps of: 

isolating from an individual one oj?4nore pAPC selected from the group consisting of: 
mature pAPC, immature pAPC, and ^cursors to pAPC; 

exposing the isolated cells/to an antigen so that pAPC displaying the antigen are 
generated, and a pre-determin^ set of cytokines is expressed. 

5 1 . The method o^c|aim 50, frirther comprising: 
administering th^ antigen-exposed pAPC to a subject whose immune response to the 

antigen is to be modulate 

52. The method of claim 5 1 , /vherein: 
the antigen-exposed p/yPC are mature pAPC. 



17 53 . The method of plaifT 5 1 , wherein: 

Ca^yim 



18 
19 



the antigen-expqsed p^PGatp^immature pAPC 



20 54. The method of claim 51, wherein: 
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the pAPC are selected from the group consisting of dendritic cells, B cells, and 



macrophages. 



55. 




56. The method of claim 5 1 , wherein: 

the step df isolating comprises isolating immature dendritic cells from an individual; and 
maturing the immature cells in vitro by exposure to one or more compounds selected 
from the group corlsisting of: GM-CSF, IL-3, and IL-4. 

57. The method oAclaim 53, wherein: 

the step of maturing is performed concurrently with the step of exposing to antigen. 

58. The method of claiU 50, wh^ein: 

the pre-determined sftt of cytokines is selected from the group consisting of Thl 
cytokines and Th2 cytokines. \ 

59. The method of claim 57, wherein: 

the Thl cytokines are selected from the group consisting of IFNa, and/or IFNy and the 
Th2 cytokines are selected from the gVoup consisting of IL-4 and IL-5, etc. 
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60. The method of claim 50, wherein: 



[expos 



the step of '^osing theisolated cells to an antigen comprises exposing the cells to a 
crude antigen preparation. 




61 . The method of 4Mm 50< wherein: 
the step of expo'^H^the isolated cells to an antigen comprises exposing the cells 

substantially pure antigen. 

62. The method of cWm 50, wherein: 
the antigen is a polypeptide anti^n; and 

the step of exposing thb isoj^ed cells to antigen comprises exposing the cells to a gene 
encoding the antigen, so thatVhe gene becomes expressed within the cells. 



63. The method of clarni 50, wherein 



the step of exposing |hi 
that is associated with a targetingvagent 




tigen comprises contacting the cells with an antigen 



64. The method of claim 50, Wherer 

the step of exposing the isplatedx^Us to an antigen further comprises exposing the cells 
to a composition comprising a factor selected from the group consisting of cytokines and 
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inducing agents, whi^ factor is selected to bias an immune response in a subject away from a 
Thl or a Th2 response ii4 a pre-determined maimer. 

65. The method of claim 64, wherein: 

the step of exposing comprises exposing the cells to one or more Thl inducing agents. 

66. The method of claim 65, wherein: 

the Thl inducing agents are l^elected from the group consisting of LPS, CD40, CD40 
. — V- 



ligand, BCGs, oligonucleotides coitajning CpG motifs, TNFa, and microbial extracts. 

67. The method of claim 66, w hereil; 
the microbial extracts are selectea from the group consisting of any Staphylococcus 

aureus preparation, heat killed Listeria, andmodified cholera toxin. 

68. The method of claim 64, wherein: 
the cytokines comprise Thl stimulator^ cytokines. 




69. The method of claim 68, wherein: 

the cytokines are selected from the group cd{isisting of IL-12, IL-2, IL-18, IL-16, 
fragments of IL-IB, IFNa, and IFNy. 
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70. The method of qaim 64, wherein: 

the step of exposing comprises exposing the cells to one or ore Th2 inducing agents. 

71 . The method of claim 70, wherein: 

the Th2 irmucing agents are characterized by an ability to induce IL-4 expression in the 
pAPC. I 

72 . The methodi of claim 64, wherein: 

the cytokines comprise Th2 stimulatory cytokines. 

73 . The method on claim 64, wherein: 



74. The method of claim 64, wherein: 
the factor is a polypeptide; and 

the step of exposing! the cells to a composition comprising the factor comprises contacting 
the cells with a gene encodiM the factor. 

75. The method of claim 74 wherein: 

the gene encoding the antigen and the gene encoding the factor are coordinately 
regulated. \ 
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76. TheKnethod of claim 74, wherein: 

the gene encoding the antigen and the gene encoding the factor are provided on the same 
nucleic acid molecule. 

77. The method of claim 76, wherein: 

the gene enl^odji^g the Mitigen and the gene encoding the factor are linked together so that 
a fusion protein is e^so^e^^ 

78. The method of]pIaim 74, wherein: 
the gene encoding the antigen and the gene encoding the factor are provided on separate 

nucleic acid molecules. 

79. The method of claim 64, wherein: 
the one or both of the antigen and factor are associated with a targeting agent. 



80. The method of claim 

the association with the 
the group consisting of covalent 




hydrophobic interactions, and combiimtimis thereof 



8 1 . The method of claim 79, wherein 
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the targeting agent is selected from the group consisting of mannose receptor ligand and 
the Fc receptor ligand. 

\ 

82. The method of claim 79, wherein: 

the targeting agent comprises complement receptor ligand. 

83 . The method of claim 79, wherein: 

the targeting agent comprises DEC205. 

84. The method of claim 79\ wherein 
the targeting agent is capable of targeting to intracellular vesicles within pAPCs. 

85. The method of claim 79, wheiein: 
the targeting agent complrises^reQeast the Fc portion of an Ig molecule. 

86. The method of claim 79, wherein: 
the targeting agent comprises at leastN^he Fc portion of an IgG molecule. 

87. The method of claim 50, wherein: 
the antigen is encapsulated. 
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1 88. The method OifclaiiJK64, wherein: 

2 the step of exfjlql^ing^omprises providing the antigen and factor together in an 

3 encapsulation device. 

5 ^ 89. The method of claipi^4, wherein: 

6 the step of administering comprises providing the antigen and the factor in separate 

7 encapsulati^faevices. 
8 

9 90. The method oAclaim 87, 88, or 89, wherein: 

10 the step of exposmg comprises exposing the ceils to the encapsulation device in 

Q 1 1 association with a targeting agent. 



iyi2 

;li3 
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9 1 . The method of claim 90l wherein 

the targeting agent is :^l\jed from ^e group consisting of mannose receptor ligand and 
the Fc receptor ligand. 



20 93. The method of claim 90, wherein: 

2 1 the targeting agent comprises DEC205. 




92. The method of clai 



the targeting agent comprises complement receptor ligand 
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94. The methooyof claim 90, wherein: 

the targeting agent is capable of targeting to particular vesicles within pAPCs. 

95 . The method of claim 90, wherein: 

the targeting agent eomprises at least the Fc portion of an Ig molecule. 
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96. The method of claim 90, wherein: 
the targeting agent cim\is/!s at least the Fc portion of an IgG molecule. 

97. The method of claim 64, wtterein: 
the step of exposing comprises providing antigen and factor that are associated with one 

another by means of an interaction selected from the group consisting of: covalent bonds, 
hydrogen bonds, van der Waals interactions, hydrophobic interactions, and combinations thereof. 

98. The method of claim 50, wherein: 
the step of exposing the antigen comprises exposing the cells to a modified antigen. 

99. The method of claim m, wherein: 
the antigen comprises an autoantigeny 

the factor is selected to bia^ th\iiiimune response to the antigen away from a Thl 
response. 
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1 00 . The metkod of claim 99, wherein: 

the factor comprises a Th2 inducing agent. 




101. The method of d\imir99, wherein 

the factor comprises an agent that induces IL-4 expression in the pAPC. 



1 02. The methodW claim 64, wherein: 

the antigen comprises an allergen; and 

the factor is selected to bias the immune response to the antigen away from a Th2 



response. 

1 03 . The method of claim 1 M whereihi.^ 

the factor comprises a Thlunducing agent. 



1 04. The method of claim 1 02, whefein: 

the factor is selected fromlhe grL cop^isting of LPS, CD40, CD40 ligand, BCGs, 
oligonucleotides containing CpG iiotifs,,Tl^a, and microbial extracts. 



105. The method of claim 1 04, wherein: 

the microbial extracts are selected from the grVp consisting of any Staphylococcus 
aureus preparation, heat killed Listeria, and modified chbkra toxin. 
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1 106. The methocnaf daim 5 1 , wherein : 

2 the step of adi^Mstering flirther comprises administering a cytokine selected from the 

3 group consisting of Thl IbmulatoiV cytokines and Th2 stimulatory cytokines to the subject. 

5 1 07. The method of claim IBjS; wherein: 

6 the Thl stimulatopy lytotdnes are selected from the group consisting of IL-12, IL-2, IL- 

7 18, IL-IB, fragments of IL-lIi, IFNa, and IFNy and the Th2 stimulatory cytokines are selected 

8 from the group consisting of IL-4. \ 

10 108. The method of claim 51 or claim 101, ftirther comprising: 

P / 

1 1 administering antigen the subject. 

12 / 

13 1 09. A method of modulating an immune system response to an antigen, the method 

14 comprising steps of: / 

1 5 isolating from an individual one or more APC selected from the group consisting of: 

1 6 mature pAPC, immature pAPC, and precursors to tfAPC; 

1 7 exposing the isolated cells to an anngen so that mature pAPC displaying the antigen are 

1 8 generated; and / 

1 9 contacting the antigen-expdsed pAPC with T cells so that a pre-determined T-cell 

20 response is inhibited. / 
21 
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1 110. The method of claim 109, wherein: 

2 the step of exposing is performed under conditions selected so that mature pAPC 

3 displaying antigeirds a produced and a pre-determined set of cytokines, selected from the group 

4 consisting of Thl cyrakines and Th2 cytokines, is expressed. 

5 \ >v 

6 111. The method of olaim 1 09 wherein: 

7 the pre-determingoCr cell response is selected from the group consisting of: a Thl 

8 response and a Th2 response\ 

j'ijl 0 112. The method of claim 111 Wherein: 

Q\ 1 the Thl or Th2 response is inhibited through induction of an opposing Th2 or Thl 

^^12 response. \ 

pis 

3 14 113. The method of claftn 1 09, wherein: 

iD 1 5 the step of contacting comprises contacting the antigen-exposed pAPC with T cells in the 

16 presence of one or more ThlWimulating cytokines, so that a Th2 response is inhibited. 

\l / 

18 114. The method of claim lOy^ wherein: 

19 the step of contacting comprises contacting the antigen-exposed pAPC with T cells in the 

20 presence of one or more Thl stimulating cytokines selected from the group consisting of 
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selected from the groqo consisting of IL-12, IL-2, IL-18, IL-113, fragments of IL-li3, IFNa, and 

V 



IFNy. 



115. The method of clainj 1 09, wherein: 



the step of contacting comprise/Tcbntacting the antigen-exposed pAPC with T cells in the 
^ni, so that the^pression of or more Thl cytokines is induced and 
a Th2 response is inhibited in the T cells. 



presence of a Thl inducing ag 



^ 116. The method of claim 109, wherein: 



the step of contacting comprises contacting the antigen-exposed pAPC with T cells in the 
presence of a Thl inducing agent selectejHrom the group consisting of selected from the group 
consisting of LPS, CD40, CD40 \igwd, BCGs, oligonucleotides containing CpG motifs, TNFa, 
and microbial extracts, so th^the expression of or more Thl cytokines is induced and a Th2 
response is inhibitedin the T cells. 



1 1 7. The method of claim Yl!6, wfterein: 

the microbial extracts ai^eleded from the group consisting of any Staphylococcus 
aureus preparation, heat killed Lfis^^ia, and modified cholera toxin. 



118. The method of claim 1 05L w^er^n: 
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the step oncontacting comprises contacting the mature pAPC displaying antigen with T 
cells in the presence of one or more Th2 stimulating cytokines 

1 1 9. The method oftolaim 1 09, wherein: 

the step of contacting comprises contacting the mature pAPC displaying antigen with T 
cells in the presence of erne or more cytokines selected from the group consisting of IL-4, so that 
a Thl response is inhibited. 




1 20. The method of claim U 09, \merein: 

the step of contacting comprises contacting the mature pAPC displaying antigen with T 
cells in the presence of one or more Th2 inducing agents. 

121 . The method of claim 109, wherein: 

the step of contacting comprises contacting the mature pAPC displaying antigen with T 
cells in the presence of one or mqre agents selected to induce expression of IL-4 in the 
responding T cells.. 



122. The method of 

the pAPC are 
macrophages. 




'herein: 



the group consisting of dendritic cells, B cells, and 



Express Mail No. EJ455653983US 
April 9, 1999 



71 



DS 1.475632.1 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



1 23. The method kaiiH 1 09, wherein: 
the pAPC are den^ic cells. 

1 24. The method of clairn 1 23, wherein: 

the step of isolating apmprises isolating immature dendritic cells from an individual; and 
maturing the immatura celk in vitro by exposure to one or more cytokines selected from 
the group consisting of: GM-C^F, IL-3, and IL-4. 

125. The method of claim 123, wherein: 

the step of maturing is performed concurrently with the step of exposing to antigen. 



126. The method of clairp 109, wherein 

the step of expc^ing 
crude antigen preparation 



128. The method of claim 109\whi;rein 




cells to an antigen comprises exposing the cells to a 



127. The method of cla; m 1 0^ wherein 

the step of exposing the isolated cells to an antigen comprises exposing the cells to 
substantially pure antigen. 
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the step of exposing the fteolated cells to antigen comprises exposing the cells to a gene 
encoding the antigen, so that the gene becomes expressed within the cells. 



129. The method of claim 125, wherein: 



the step of exposi^ftu^erj^g^i^^isJ^j^^p^ the cells to a factor selected from the 
group consisting of cytokine^ and inducing agents; 

130. The methoa of claim 1 29, wherein: 

the factor is a polypeptide and the step of exposing comprises contacting the cells with a 
gene encoding the factor. 

131. The method ofclaim 130, wherein: 

the antigen is a polypeptide and the step of exposing comprises contacting the cells with a 
gene encoding the antigen\ 




1 32. The method of claim 13 1 , wherein: 

the gene encoding the antigen and the gene encoding the factor are coordinately 
regulated. 



20 



133. The method of claim 1 30, wherein: 
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the gen^encoding the antigen and the gene encoding the factor are provided on the same 
nucleic acid moleWe. 

1 34. The method of \laim 1 32, wherein: 
the gene encodinl the antigen and the gene encoding the factor are Unked to one another 

so that a fusion protein is¥«JC0il^. 

135. The method of clairA 1 32, wherein: 

the gene encoding th\ antigen and the gene encoding the factor are provided on separate 

nucleic acid molecules. 



1 36. The method oV claim 1 09 wherein: 

the antigen is provided in association with a targeting agent. 



137. The method of claim 
one or both of the antig 



9^wlierein: 

and fa^or is provided in association with a targeting agent. 



138. The method of claim 1 36 or 137, wherein: 

the association with tlijafgA agent occurs by means of an interaction selected from 
the group consisting of covalent bonds, h^^Jrogen bonds, van der Waals interactions, 
hydrophobic interactions, and combinations tWof. 
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1 39. The n^hod of claim 1 36 or claim 137, wherein: 
the targeting agent is selected from the group consisting of mannose receptor ligand and 

the Fc receptor ligand. 

140. The method of clkim 136 or claim 137, wherein: 
the targeting agent comprises complement receptor ligand. 

141. The method of claim"4-3«-QEdaim 137, wherein: 
the targeting agent comprees DEC;205. 



142. The method of claim 136\)r cWim 137, wherein: 

the targeting agent^s^pable oftargeting to particular vesicles within pAPCs. 

1 43 . The method of claim 1 36 or claim 1 37, wherein: 

the targeting agent comprises at least the Fc portion of an Ig molecule. 



1 
2 
3 
4 
5 
6 
7 
8 

jilO 

iSii 
f[ji2 

tl3 
Kl4 

'■Ihi 

iii5 

16 

17 144. The method of claim 143, wherein: 

18 the targeting agent comprises at least the Fc portion of an IgG molecule. 
19 

20 145. The method of claim 109, wherein: 

21 the step of exposing comprises providing the antigen iiWn encapsulation device. 
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the targeting agent comprises DEC205. 

153. The method onclaim 149, wherein: 
the targeting agent is capable of targeting to intracellular vesicles within pAPCs. 

1 54. The method of cla{^449, wherein: 

1 

the targeting agent cinnprises aHeast the Fc portion of an Ig molecule. 

i \ 

155. The method of claim 149l wherein: 
the targeting agent comprises at lea^ the Fc portion of an IgG molecule. 

156. The method of claim^9, wherein: 
the step of exposing comprises providing antigen and factor that are associated with one 

another by means of an interaction selected from the group consisting of: covalent bonds, 
hydrogen bonds, van der Waals interactions\hydrophobic interactions, and combinations thereof. 

1 57. The method of claim 109, wherein: 
the step of exposing the antigen comprises Exposing the cells to a modified antigen. 

158. The method of claim 145, wherein: / 

\ t / 

the antigen compnses an aiitoamigen; and 
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the pre-deternnned set of cytokines comprises Th2 cytokines. 




3 159. The method of claimM 49, wherein: 

4 the pre-determined set oisj^ytokines comprises IL-4. 
5 



7 
8 

^ 9 
^10 



ihll 



160. A method of treating allergy, the method comprising steps of: 
identifying an ino^vidual who is allergic to an antigen; 
providing a compo^tio^f blaying the antigen; and 

contacting the compo\ition with T cells' of the individual under conditions that inhibit a 
Th2 response to the antigen. 



L 1 3 fl^ ^ 161. The method of claikn 1 60, wherein: 



S14 
1 15 
16 
17 
18 
19 
20 
21 



the mature pAPC areVelected for their expression of Thl cytokines. 



162. The method of 



the pAPC are 



macrophages. 



erem: 




roup consisting of dendritic cells, B cells, and 



1 63 . The method of claimll 61/ wherein: 



the pAPC are 
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1 64. The metnbd of claim 1 60, wherein: 
the step of providing comprises : 

isolating from an individual one or more cells selected from the group consisting 
of mature pAPC, immatwe pAPC, and precursors to pAPC; and 
exposing theVsolated cells to the antigen. 

165. The method of claim wherein: 

the step of exposing the'i^iso|ated cellslo the antigen frirther comprises exposing the 
isolated cells to a factor selectedifroln the group consisting of cytokines and inducing agents. 

166. The method of claim 165,\wherein: 
the factor comprises an induci^ \gent that induces expression of one or more Thl 

stimulating cytokines in the pAPC. 

1 67. The method of claim 1 65 wherein: 
the antigen and factor are provided togetjier as part of a single composition. 

1 68. The method of claim 1 65, wherein: 
one or both of the antigen and factor is associated with a targeting agent. 

169. The method of claim 164, wherein: 
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the antigen is associated with a targeting agent. 

1 70. The method of claim 167, wherein: 
the antigen and Yactor are encapsulated together in an encapsulation device. 

171. The method of claim 1 64, wherein 
the antigen is encapsulated. 



172. The method of claim 165^ wherein 



one or both of the antigen and factor is encapsulated 




173. The method of claim 
the antigen and factor 

174. The method of claim 1 73, wherein: 
the encapsulation device is associated ^ith a targeting agent. 

175. The method of claim 164, wherein: 
the step of exposing the isolated cells to antigen comprises exposing the cells to a crude 

preparation of antigen. 
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1 176. The method of claim 164, wherein: 

2 the step of esposmg the isolated cells to an antigen comprises exposing the cells 

3 substantially pure an^pi. 

5 177. The methodi of claim 164, wherein: 

6 the antigen is a polypeptide antigen; and 

7 the step of eaposing the isolated cells to antigen comprises exposing the cells to a gene 

8 encoding the antigen,\so that the gene becomes expressed within the cells. 

jiJllO 178. The method of olaim 164, wherein: 

iyl 1 the factor is a powpeptide and the step of exposing comprises exposing the cells to a gene 

fU 1 2 encoding the factor. 
Ll3 

^14 179. The method of claiin 178, wherein: 
ijO 1 5 the antigen is a polyneptide antigen; and 

16 the step of exposing the isolated cells to antigen comprises exposing the cells to a gene 

1 7 encoding the antigen, so that the gene becomes expressed within the cells. 

18 \ 

19 180. The method of claim 179,\wherein: 

20 the antigen gene and the fadtor gene are coordinately regulated. 

21 \ 
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1 181. The method of claim 1 79, wherein: 

2 the antigfen gene and the factor gene are provided on the same nucleic acid molecule. 

3 \ 

4 182. The method of claim 181, wherein: 

5 the antigen gene afid the faptor gene are linked to one another so that a single fusion 

6 protein is encoded. \ / 

7 Y 

8 1 83. The method of clain^l79, wherein: 

9 the antigen gene and tnfe factor gene are provided on separate nucleic acid molecules. 

iio 

I \ 

iyil 1 184. The method of anyone of claims 168, 169, or 174, wherein: 

:§ \ 

\ li 1 2 the association with the targeting agent occurs through an interaction selected from the 

%, 13 group consisting of covalent bonds, hydrogen bonds, van der Waals interactions, hydrophobic 

14 interactions, and combinations thereof \ 

16 185. The method of any one of claims 1 68, or 1 74, wherein: 

17 the targeting agent is selectea froroi^e group consisting of mannose receptor ligand and 

18 the Fc receptor ligand. \ 

19 \ 

20 186. The method of any one of claims 168, 169\or 174, wherein: 

2 1 the targeting agent comprises complement receptor ligand. 
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1 87. The method of any one of claims 168, 1 69, or 1 74, wherein: 
the targeting agent comprises DEC205. 

1 88. The method of any one of claims 1 68, 1 69, or 1 74, wherein: 

the targeting agent is capable of targeting to intracellular vesicles within pAPCs. 

189. The method of any oniof claims 168, 169, or 174, wherein: 



the targeting agent comprises at least-^he Fc portion of an Ig molecule. 

190. The method of any one claims 168, 16^, or 174, wherein: 
the targeting agent comprises at least the Fc portion of an IgG molecule. 

191. The method of claim 1 75, \^rein: 
the step of exposing comprises providing antigen and factor that are associated with one 

another by means of an interaction selected\from the group consisting of: covalent bonds, 
hydrogen bonds, van der Waals interactions, i;iydrophobic interactions, and combinations thereof. 

192. The method of claim 164, wherein: 
the step of exposing the antigen comprises fexposing the cells to a modified antigen. 



1 93 . The method of claim 1 92, 
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1 the modkbd antigen is substantially identical to a naturally-occurring antigen that 

2 contains at least orilgEjinding site except that the modified antigen lacks at least one of the 

3 IgE binding site^*-^ ^\ 
4 

5 1 94. A method o^treating an autoimmune disorder, the method comprising steps of: 

6 identifying aA individual who is susceptible to or has mounted an undesirable immune 

7 response against an aatigen; 

8 providing a composition of pAPC displaying the antigen; and 

9 contacting the dpmposition with T cells of the individual under conditions that inhibit a 

10 Thl response to the antigen. 

11 \ 

12 195. The method of clatai 1 94, wherein: 

1 3 the step of identifyilg comprises identifying an individual who has previously mounted 

14 Thl response to the antigen.\ / / 

15 \ 

16 1 96. The method of claim 1 914. wherein: 

1 7 the pAPC are selected fdt their expression of Th2 stimulating cytokines. 

18 \ 

19 1 97. The method of claim 1 94, A^herein: 

20 the pAPC are selected from the group consisting of dendritic cells, B cells, and 

21 macrophages. \ 
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198. The method of claim 194, wherein: 
the pAPC \rQ B cells. 

\ 

1 99. The method\)f claim 1 94, wherein: 

\ 

the step of providing comprises: 

isolating from an individual one or more cells selected from the group consisting 
of mature pAPC, immajture pAPC, and precursors to pAPC; and 
exposingUhe isolated cells to the antigen. 

200. The method of claim 199, wherein: 

the step of exposina the isolated cells to the antigen fiirther comprises exposing the 
isolated cells to a factor selected from the group consisting of cytokines and inducing agents. 

201 . The method of claim 200, wherem: 



the factor comprises an ^ducing agent that induces expression of one or more Th2 




cytokines. 



202. The method of claim 200, wherein: 

the antigen and factor are prcwided together as part of a single composition. 



21 



203. The method of claim 200, wherein: 
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1 one or tooth of the antigen and factor is associated with a targeting agent. 

2 \ 

3 204. The method of claim 199, wherein: 

4 the antigtn is associated with a targeting agent. 



6 205. The methofl of claim 203, wherein: 

7 the antigen \nd factor are encapsulated together in an encapsulation device. 
8 

9 206. The method o^ claim 1 99, wherein 

1 0 the antigen is ci^apsul^ted. 
11 

12 207. The method of clW 200, wherein: 

1 3 the antigen and factor are both encapsulated. 
14 

15 208. The method of claiil^ 205, 206, or 207 wherein: 

1 6 the encapsulation device is associated with a targeting agent. 



17 
18 
19 
20 
21 



209. The method of claim 2^0, wherein: 

the step of exposing the\solated cells to antigen comprises exposing the cells to a crude 

preparation of antigen. 
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210. The ntethod of claim 200, wherein: 

the step of exposing the isolated cells to an antigen comprises exposing the cells 
substantially piire antigen. 



211. The metHod of claim 1 99, wherein: 
the antigc n is a polypeptide antigen; and 
the step of exposing the isolated cells to antigen comprises exposing the cells to a gene 

encoding the antigen, so that the gene becomes expressed within the cells. 

212. The methodl of claim 200, wherein: 

the factor is \. polypeptide and the step of exposing comprises exposing the cells to a gene 
encoding the factor. 




213. The method ofclaim^2i 2, wherein: 

the antigen is a polypeptide antigen; and 

the step of exposmg the isolated cells to antigen comprises exposing the cells to a gene 
encoding the antigen, so that the gene becomes expressed within the cells, 

214. The method of claim\2 1 3, wherein: 

the antigen gene and tne factor gene are coordinately regulated. 
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215. The methcSd of claim 213, wherein: 

the antigenlgene and the factor gene are provided on the same nucleic acid molecule. 



216. The method of claim 215, wherein: 
the antigen ^ ;ene and the factor gene are linked to one another so that a single fusion 

protein is encoded. 

217. The method otf claim 213, wherein: 
the antigen gene and the factor gene are provided on separate nucleic acid molecules. 

218. The method of any one of claims 203, 204, or 208, wherein: 
the association v^ith the targeting agpnt occurs through an interaction selected from the 

group consisting of covalent bands, hjwogen bonds, van der Waals interactions, hydrophobic 
interactions, and combinations thereof. 

219. The method of any ©ne of claims 203, 204, or 208, wherein: 

the targeting agent is\selected from the group consisting of marmose receptor ligand and 
the Fc receptor ligand. 

220. The method of any one of claims 203, 204, or 208, wherein: 
the targeting agent composes complement receptor ligand. 
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1 22 1 . The methcW of any one of claims 203, 204, or 208, wherein: 

2 the targeting agent is capable of targeting to intracellular vesicles within pAPCs. 

3 \ 

4 222. The method or any one of claims 203, 204, or 208, wherein: 

5 the targeting agent comprises at least the Fc portion of an Ig molecule. 
6 

7 223. The method of any one of claims 203, 204, or 208, wherein: 

8 the targeting agent comprises at least the Fc portion of an IgG molecule. 

9 1 

10 224. The method of clkim 200, wherein: 

1 1 the step of exposing comprises providing antigen and factor that are associated with one 

12 another by means of an infraction selected from the group consisting of covalent bonds, van der 

1 3 Waals interactions, hydropBobiainteractjofis, and combinations thereof. 

14 \ 

1 5 225. The method of claim 1 99, wherein: 

16 the step of exposing the antigen comprises exposing the cells to a modified antigen. 

17 \ 

1 8 226. The method of claim 2251 wherein: 

19 the modified antigen is substantially identical to a naturally-occurring antigen that 

20 contains at least one IgE binding sme except that the modified antigen lacks at least one of the 

21 IgE binding sites. \ 
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227. A composition for modulating an immune system response to an antigen in an individual 



compnsmg: 



an antiigen; and 

at leaa one factor selected from the group consisting of cytokines and inducing 



agents. 



228. The composition of claim 227, wherein: 
the factor comprises a Thl stimulating cytokine. 

229. The compositionlof claim 227, wherein: 
the factor is selec^d from the group consisting of IL-12, IL-2, IL-18, IL-IB, fragments of 

IL-IB, IFNa, and IFNy. 

230. The composition of ^la^ 227/^herein: 
the factor comprises aTh2 stimulating cytokine. 

23 1 . The composition of claim 227, wherein: 
the factor comprises IL-4 

232. The composition of claim i27, wherein: 
the factor comprises a Thl inducing agent. 
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233. The composJtion of claim 227, wherein: 

the factor is sdlected from the group consisting of LPS, CD40, CD40 ligand, BCGs, 
oligonucleotides containing CpG motifs, TNFa, and microbial extracts. 

234. The compositidn of claim 233, wherein: 

the microbial ejttracts are selected from the group consisting of any Staphylococcus 
aureus preparation heat killed Listeria, and modified cholera toxin. 

235. The compositionlof claim 227, wherein: 
the factor comprises a Th2 inducing agent. 



236. The composition oficlaim/227, whereir 
the factor comprises\an ag\^ntth^nduces IL-4 expression. 

237. The composition of clkim 227, wherein: 
the antigen comprises a crude antigen preparation. 

238. The composition of claim 227, wherein: 
the antigen comprises a substantially pure antigen 

239. The composition of claim 227, further comprising: 



Express Mail No. EJ455653983US 
April 9, 1999 



91 



DSl.475632.1 



1 an encapsiilation device surrounding the antigen and factor. 

2 \ 

3 240. The composfflion of claim 227 or claim 228, further comprising: 

4 a targeting agent. 

5 \ 

6 24 1 . The composition of claim 240, wherein: 

7 the targeting agent is associated with the composition through a covalent or a non- 

8 covalent interaction. \ 

9 \ 

10 242. The composition of claim 240, wherein: 

1 1 the targeting agent isteeleoledVrom the group consisting of mannose receptor ligand and 

12 the Fc receptor ligand. \ X 

13 \ V„^-^ 

14 243. The composition of claim 239, wherein: 

1 5 the targeting agent comprises complement receptor ligand. 

16 \ 

17 244. The composition of claim 2319, wherein: 

1 8 the targeting agent comprises L)EC20 5 . 

19 \ 

20 245. The composition of claim 239, \^herein: 

21 the targeting agent is capable of targeting to intracellular vesicles within pAPCs. 
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246. The cemposition of claim 239, wherein: 
the targeting agent comprises at least the Fc portion of an Ig molecule. 

247. The composition of claim 239, wherein: 
the targetingygent comprises at least the Fc portion of an IgG molecule. 

248. The composition of claim 227, wherein: 
the antigen and factor are covalently linked to one another. 

249. The composition onclaim 227, wherein: 
the antigen and factoi that are associated with one another by means of an interaction 

selected from the group consisting of: hydrogen bonds, van der Waals interaction, hydrophobic 
interaction, and combinations tnereoi. 




250. The composition of claim zQ.7, wherein: 
the antigen comprises a modified antigen. 



18 251. The composition of claim 227, 'O^hich composition is formulated for oral administration. 
19 

20 252. The composition of claim 227, whibh composition is formulated for inhalation. 



21 
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1 253. The composition of claim 227, which composition is formulated for injection. 

2 \ 

3 254. A composition\for modulating an immune system response to an antigen in an individual 

4 comprising: \ 

5 one or more pAPC (displaying an antigen and expressing a predetermined collection of 

6 cytokines, selected from the group consisting of Thl cytokines and Th2 cytokines; and 

7 at least one factor selecfed from the group consisting of cytokines and inducing agents. 

8 \ 

9 255. The composition of claim 254, wherein: 

10 the pAPC are selected form tlae group consisting of dendritic cells, B cells, and 

1 1 macrophages. \ 

12 \ I 

13 256. The composition of claim 255, wherein\ y 

14 the pAPC are dendritic cells. \ 

15 \ 

16 257. The composition of claim 255, wherein: \ 

1 7 the dendritic cells are prepared by a process y)mprising steps of: 

1 8 isolating immature dendritic cells fromVi individual; and 

19 maturing the isolated cells in vitro by exposure to one or more cytokines selected 

20 from the group consisting of: GM-CSF, IL-3, and IL-4. \ 

21 \ 
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1 258. The composit^n of 257, wherein: 

2 the maturing is berformed in the presence of the antigen. 

3 \ 

4 259. The composition of claim 254, wherein: 

5 the factor comprises\a Thl stimulating cytokine. 

6 \ 

7 260. The composition of clkim 254, wherein: 

8 the factor is selected frim the group consisting of IL-12, IL-2, IL-1 8, IL-IB, fragments of 

9 IL-IB, IFNa, and IFNy \ 

10 \ 

11 261. The composition of claim £54, wherein: 

12 the factor comprises a Thl iVidjwiing agent. 

13 A 

14 262. The composition of claim 2Jj^vhereiij/^ 

1 5 the factor is selected from the^up consisting of LPS, CD40, CD40 ligand, BCGs, 

16 oligonucleotides containing CpG motifsATNFa, and microbial extracts. 

17 \ 

18 263 . The method of claim 262, wherein:\ 

1 9 the microbial extracts are selected fr6m the group consisting of any Staphylococcus 

20 aureus preparatioa heat killed Listeria, and mbdified cholera toxin. 

21 \ 
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264. The combosition of claim 254, wherein: 

the factor comprises a Th2 stimulating cytokine. 

265. The composition of claim 254, wherein: 
the factor coniprises IL-4. 

266. The composition of claim 254, wherein: 
the factor comprilses a Th2 inducing agent. 

267. The composition of claim 254, wherein: 

the factor comprisesW agMi/fthat induces IL-4 expression. 

268. The composition of claim : 154, wjjerein: 

the factor comprises an agent that inhibits IL-12 expression. 

269. The composition of claim 258, wherein: 

the antigen comprises a cruob antigen preparation. 

270. The composition of claim 254, Wherein: 

the antigen comprises a substantially pure antigen. 
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1 271 . The composition of claim 254, -wherein: 

2 the antigen comprises a modified antigen. 

3 \ 

4 272. A composition comprising: 

5 a gene encoding an antigen; and 

6 a gene encoding at ueast one factor selected from the group consisting of cytokines and 

7 inducing agents. \ 

8 \ 

9 273. The composition of clkim 272, wherein: 

1 0 the antigen gene and thft factor gene are coordinately regulated. 

11 \ 

12 274. The composition of claim ^72, therein: 

1 3 the antigen gene and the facb^^gene^a^^ same nucleic acid molecule. 

14 \ 

15 275 . The composition of claim 272,Wherein: 

1 6 the antigen gene and the factor gene are linked together so that a single polypeptide is 

17 encoded. \ 

18 \ 

1 9 276. The composition of claim 272, wheriin: 

20 the antigen gene and the factor gene are provided on separate nucleic acid molecules. 

21 \ 
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1 277. The composition of ^aim 272, further comprising an encapsulation device surrounding 

2 the genes. \ 

\ 

4 278. The composition of claim\272 or claim 277, further comprising: 

5 a targeting agent selected ror its ability to localize the composition in the vicinity of 

6 pAPC. \ 

7 \ / 

8 279. The composition of claim 272, which compcfsition is formulated for oral administration. 

9 \ 

10 280. The composition of claim 272, which composition is formulated for inhalation. 

11 \ 

12 281. The composition of claim 272, which opmposition is formulated for injection. 
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